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From radicals to characters: the role of positional, phonetic, and semantic cues 
in children’s novel character learning 
Chan Yim In 
Abstract 
 
This study sought to examine the nature of the relation between radicals and characters by 
testing children’s strategy used in coding novel characters. The semantic, phonetic and 
positional information were manipulated in a picture-mapping test. A total of 94 Chinese 
children: 32 first-graders, 32 third-graders and 30 fourth-graders from Hong Kong 
mainstream primary schools were invited to complete this test under three different conditions: 
(1) when no cue was provided, (2) when the phonetic cue was provided, and (3) when the 
semantic cue was provided. The results showed that children at all grades predominantly used 
positional strategy (structural knowledge) when no cue was provided. On the other hand, 
when cues were provided, children increased the use of phonetic and semantic strategies 
(functional knowledge). The findings suggested that there is a tendency of using holistic 
processing more under implicit conditions and analytical processing more under explicit 
conditions. To conclude, positional cues play a larger role than semantic and phonetic cues in 
Children’s novel character learning due to early development of the structural knowledge and 
high stability of the positional cue. 
Keywords: Chinese character recognition, orthographic processing, structural radical 
knowledge, functional radical knowledge, developmental study 
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Introduction 
Historically, the Chinese word reading has been explained by a lexical constituency 
model (or triangle model) that consists of three interlinked constituents, i.e. orthography, 
phonology and semantics (Perfetti, Liu, & Tan, 2005). There are different views, however, 
about lexical process in reading Chinese words. On the one hand, there is a view suggesting 
that phonological activation, which arises through direct mapping from orthography to 
phonology, is activated earlier than semantic activation (Perfetti et al., 2005). On the other 
hand, there is another view suggesting that the sub-lexical process of reading Chinese is both 
a phonological and a semantic event, with the direct mapping from orthography to semantics 
being dominant and phonology plays a subsidiary role (Zhou & Marslen-Wilson, 1999, 2009). 
Nevertheless, this lexical constituency model has only been applied on the lexical level but 
not the sublexical level (radicals). As previous research have suggested, radicals should be 
regarded as the basic orthographic units of Chinese characters (Feldman & Siok, 1999; Ho, 
Ng, & Ng, 2003; Taft, Zhu, & Peng, 1999; Zhou & Marslen-Wilson, 1999). Thus, it is critical 
for this current research to investigate the nature of sublexical level in novel character 
learning so as to explore how children establish the link between sublexical units (radicals) 
and lexical units (characters).   
Radicals in the Chinese Characters 
In Chinese, 80-90% of the commonly used Chinese characters are semantic-phonetic 
compounds composed of a semantic radical and a phonetic radical (Shu, Chen, Anderson, Wu, 
& Xuan, 2003). The positional regularity of radicals is the crux of a character’s orthographic 
structure (Ho, Ng, & Ng, 2003). The most common type of semantic-phonetic compound is 
the left-right structure, with the semantic radical on the left hand side and the phonetic radical 
on the right. The position of a radical is often confounded with its function (Chan & Nunes, 
1998; Feldman & Siok, 1999). A semantic radical gives a clue to the meaning while a 
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phonetic radical gives a clue to the pronunciation. For example, in the semantic-phonetic 
compound character “燈” /tang1/ (lamp), the semantic radical “火” indicates something about 
the meaning of the character (fire), while the phonetic radical “登” gives the pronunciation 
cue (/tang1/). This raises the possibility that the phonetic radical acts as a bridge between 
orthography and phonology while the semantic radical acts as a bridge between orthography 
and semantics. Many radicals are themselves simple characters with independent meanings 
and pronunciations. Therefore, in reading Chinese, if the radicals happen to be simple 
characters by themselves, one can decompose radicals form whole characters and use them to 
access their semantics and phonology. In the example of “燈”, apart from the phonological 
information of the phonetic radical (/tang1/) and the semantic information (fire) of semantic 
radicals, the phonetic information of the semantic radical “火” (/fo2/) or the semantic 
information of phonetic radical “登” (climb) are also activated. Thus, it is suggested that there 
is a competition between semantic and phonological information provided by the semantic 
and phonetic radicals. In order to recognize a character correctly, a reader has to extract the 
right information from the radicals (see Figure 1). 
 
Figure 1. The radical information of a Chinese character. 
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Radicals in Character processing 
Research on recognition of Chinese characters have shown that the sublexical units, 
referring specifically to semantic and phonetic radicals, contribute to the lexicon access of 
Chinese compound characters (Feldman & Siok, 1999; Taft et al., 1999). Feldman and Siok 
(1999) investigated the character identification contributed by semantic radicals by using 
character decision task. They reported that repetitions of semantic radicals (e.g. 評, 諸) could 
facilitate character recognition (e.g. 論) when the semantic radicals had relative transparent 
relations with the meaning of the whole characters. Besides, Zhou and Marslen-Wilson (1999) 
conducted a primed naming task to investigate the sublexcial processing of phonetic radicals. 
They found that phonetic radicals are decomposed and used to access their own phonological 
representation and semantic representation, when processing complex characters. For example, 
facilitatory priming effects were observed for target characters (e.g 紫, /zi3/, ‘purple’), which 
were semantically related to the phonetic radicals (e.g. 青, /qing1/, ‘green’) embedded in 
complex characters (e.g. 清, /qing1/, ‘clear’ ; 猜, /cai1/, ‘guess’). Further studies have shown 
that positional information plays an important role when Chinese characters were read (Ding, 
Peng, & Taft, 2004; Taft et al., 1999). For instance, Ding et al. (2004) revealed that radicals in 
the same position in both prime and target (e.g. 靖 and 蜻) had a significant facilitatory 
priming effect, while those in different positions (e.g. 靜 and 蜻) had an inhibitory priming 
effect. With the evidence from these studies, sublexical processing in lexicon access of 
Chinese characters is believed to be the result of an interactive process involving orthography, 
phonology and semantics. 
Although the aforementioned studies were carried out on skilled adult readers, there has 
been a growing number of studies on the reading acquisition and development of Chinese 
children (Ho & Bryant, 1997; Ho, Ng, et al., 2003; Packard et al., 2006; Shu & Anderson, 
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1997; Wu, Zhou, & Shu, 1999). These studies aimed to find out whether children were aware 
of the sublexical processing in the way similar to skilled readers. Most of them have showed 
that radical is an important processing unit for Chinese children in lexical access (Ho, Ng, et 
al., 2003; Shu & Anderson, 1997; Shu et al., 2003; Wu et al., 1999). In the study of Wu et al. 
(1999), three experiments on primed naming were conducted to examine how children used 
the phonological cue of phonetic radicals. They found that the phonetic radicals embedded in 
complex characters are decomposed from visual input and are used to activate both 
phonological and semantic information, in parallel to the processing of characters as a whole. 
For instance, the appearance of complex character (e.g. 帕, /pa4/, ‘handkerchief’) activated 
the semantic representation corresponding to its radical (e.g. 白, /bai2/, ‘white’). This 
resulted in the facilitation in naming the target character (e.g. 黑, /hei1/, ‘black’), which was 
semantically related to the phonetic radical, but not the complex characters itself. The similar 
findings have been demonstrated in other studies (Anderson, Li, Ku, Shu, & Wu, 2003; Ho & 
Bryant, 1997). All of these studies suggested that both the first-graders and second-graders 
relied on the phonetic radicals for phonological cues in reading Chinese compound characters. 
Moreover, it has been found that children at young age are able to use semantic radicals to 
represent meanings in a pseudocharacter-spelling task and guess the meanings of characters 
by referring to the semantic radicals when learning to read new characters already (Chan & 
Nunes, 1998; Ho, Wong, & Chan, 1999). A recently study by Ho, Ng, & Ng (2003) has 
further examined separately the development of semantic radical knowledge and phonetic 
radical knowledge in Chinese children. Their findings suggested that children might start to 
acquire the knowledge of character structure, position, semantic category and sound value of 
radicals as early as in grade 1, but the acquisition of the function of semantic radicals as a 
meaning cue in reading was not obvious until they were in grade 3. However, this study only 
examined the children’s radical knowledge separately but not the interaction and/or the 
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competition between radical information in processing characters. The present study aimed to 
investigate this issue. 
Previous studies have investigated children’s implicit radical knowledge (Feldman & 
Siok, 1999; Taft et al., 1999) and explicit radical knowledge (Ho, Ng, & Ng, 2003). Implicit 
radical knowledge refers to the ability to apply the rules of structural and functional 
regularities to process a novel character, whereas explicit radical knowledge refers to the 
ability to identify the position and function of radicals in a novel character. However, all of 
these studies only examined the two independently, and to date no research that examines 
both the implicit and explicit knowledge of radicals in Chinese children can be found in the 
literature. Thus, the present study also aimed to examine whether children showed variability 
in strategies used when their orthographic knowledge was measured implicitly and explicitly. 
It was expected children would use different strategies in implicit conditions and explicit 
conditions respectively. 
Ho, Ng, & Ng (2003) suggested that children usually treated a character as a whole unit 
without analyzing its components in their early language acquisition stage. Only from grade 3 
onwards did children start to look up characters in a Chinese dictionary and became more 
aware of the sublexical units of characters. Besides, they were taught the knowledge of 
radicals by their teachers. In light of this, first-graders, third-graders and fourth-graders were 
selected in the present study. It was hypothesized that the performance of first-graders and 
third-graders would be developmentally distinct while the performance of third-graders and 
fourth-graders would be developmentally adjacent. 
The present study 
The goal of this study was to examine the contribution of radicals in novel character 
learning. There were three objectives: to investigate 1) how Chinese children strategically 
used radical information in processing novel characters, when all the three types of 
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information, that is, positional, phonetic and semantic information, were equally available, 2) 
whether children showed variability in strategies used when their orthographic knowledge 
was measured implicitly and explicitly, and 3) how the use of strategy for radical information 
varied across grades. 
In this study, a newly created task called picture-mapping task was used. The most 
common way of investigating the effects of radicals in the previous researches is by a priming 
task (Ding et al., 2004; Feldman & Siok, 1999; Taft et al., 1999). However, in the priming 
task, different types of prime are usually produced by either changing the semantic radicals or 
phonetic radials in their legal positions in the complex characters, or by changing the position 
regularity of the radicals. As such, the task fails to show the combined effect of orthography 
and phonology, or that of orthography and semantics. The picture-mapping task, on the 
contrary, taps the children’s sensitivity to the binding of structural and functional properties of 
radicals and strategies in processing novel characters including pseudocharacters 
pseudocharacters and noncharacters. 
Method 
Participants  
A total of 94 Chinese children, 32 first-graders, 32 third-graders and 30 fourth-graders, 
were recruited from mainstream primary schools in Hong Kong. Parents of these children 
consented to allow their children to participate in the study. 
Materials  
Picture-mapping task. The picture-mapping task was used to tap the children’s 
sensitivity to the binding of structural and functional properties of radicals. It consists of 38 
items, including two trial items. There items were based on a real character, such as “狗” 
(dog). Each item consisted of a line drawing of an object and four choices. The four choices 
included two pseudocharacters and two noncharacters. Pseudocharacters were the novel 
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combinations of semantic radicals and phonetic radicals conforming to the positional 
constraints of Chinese character. The first pseudocharacter included, in the correct positions, a 
correct semantic but an incorrect phonetic (e.g. ). The second pseudocharacter included, in 
the correct positions, an incorrect semantic radical but a correct phonetic (e.g. ). 
Noncharacters shared the same combination of one radical and one pheontic, but they violated 
the structural rules of chinese chatracters. The first noncharacter included a correct semantic 
in the incorrect position (e.g. ).The second noncharacter included a correct phonetic in the 
incorrect position (e.g. ). The character representing each picture was regulated using across 
high, middle, and low frequencies. The pseudocharacters and noncharacters were created 
based on two criteria. Firstly, the semantic radicals in all the characters were phonetically 
irrelevant to their pronunciation. Secondly, the phonetic radicals in all the characters were 
semantically irrelevant to their meaning. In this way, only semantic information of the 
semantic radicals, phonetic information of the phonetic radicals and the positional information 
of radicals were available for sub-lexical processing. The task was presented in three 
conditions, i.e. no cue, phonetic cue and semantic cue provided conditions. The no cue 
provided condition aimed to implicitly investigate the children’s radical knowledge (i.e. 
ability to apply the orthographic knowledge) while the phonetic cue and semantic cue 
provided conditions aimed to explicitly investigate the children’s radical knowledge (i.e. the 
ability to identify the position and function of the radical). 
Reading, Vocabulary and Nonverbal Ability Measures  
Raven Colored Progressive Matrices (Raven, 1965). The Raven Colored Progressive 
Matrices was adopted to measure the children’s nonverbal resonating ability. It consists of 12 
items in Set A and 12 items in Set B. For each item, there was a target visual matrix with one 
missing part. The children were required to select, from six alternatives, to the one that best 
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complete the matrix. One mark was given for each correct answer, and the maximum score 
was 24. The Cronbach’s α of this task is .72, .76 and .72 for grades 1, 3 and 4, respectively. 
Chinese character recognition. The Chinese character test was used to measure the 
children’s word reading skills. It was adopted from the Hong Kong Test of Specific Learning 
Difficulties in Reading and Writing (Ho, Chan, Tsang, & Lee, 2000). The test consists of 150 
two-character words, ranked according to increasing difficulty. The children were asked to 
read the word aloud one by one. The testing was stopped when the child had failed to read 15 
consecutive words. The Cronbach’s α of this task is .98 for all three grades. 
Vocabulary definition test. The vocabulary definition test was used to assess children’s 
general vocabulary knowledge. It consists of 53 words arranged in ascending order of 
difficulty. All of these items were selected from the Hong Kong Chinese Reading Book 
(Zhuang, 2000), and this was pilot-tested on children of the same age. The children were 
orally presented with a word representing an objective or concept and asked to orally define 
this word. Children’s answers were scored with reference to a scoring scheme which was 
developed according to the description provided by a Chinese dictionary (Lau, 1999). Two 
points were given for a synonym or a clear definition of the meaning or the function of the 
target word. One point was given for incomplete answer, or an example of the target word. No 
point was given for repetition or an irrelevant explanation of the target word. Testing was 
stopped when a child failed to score any points on 5 consecutive items. The Cronbach’s α of 
this task is .79, .87 and .87 for grades 1, 3 and 4, respectively. 
Procedure 
All tasks were individually administered in a quiet room in one 60-minute session. The 
picture-mapping task was the first task to do. The order of the other tasks was 
counterbalanced. In the picture-mapping task, the children were first asked to select the 
representation that best depicted the picture, regardless of the meaning or pronunciation of the 
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word. In the phonetic cued provided condition, the children were told that the character 
pronunciation sometimes relates to the part of the character. Then, they were told the 
character pronunciation and asked to select the representation once again. In the semantic cue 
provided condition, the children were told that the character meaning sometimes relates to the 
part of the character. Thus, they were given a simple description of the object and asked to 
select the representation once again. The order of the three conditions was also 
counterbalanced. Half of the children were tested following a sequence of condition from 
no-cue to phonetic-cued and to semantic-cued while the other followed a sequence from 
no-cue to semantic-cued to phonetic-cued. 
Date coding 
In order to clearly detect the strategies the children used to process novel characters, the 
underlying strategies they used in selecting each of the four choices were uncovered. Table 1 
showed the 4 × 3 transformation matrix.  
Table 1.  
Scoring System for the Picture-Mapping Task 
Example Correct 
Semantic 
Correct 
Phonetic 
Correct 
Positional 
 1 0 1 
 0 1 1 
 1 0 0 
 0 1 0 
 
The data was further recoded and two variables which were the phonetic radical cue and 
semantic radical cue were created. For example, one point was given to the pseudocharacter 
“ ” for the semantic radical cue and pseudocharacter “ ” for the phonetic radical cue. 
Phonetic radical cue refers to children’s ability to choose the correct phonetic radical with the 
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right position. Semantic radical cue refers to children’s ability to choose the correct semantic 
radical with the right position when no cue was provided. 
Results 
An examination of the normality and linearity of all the variables was performed first 
and suggested that all variables were normally distributed across the whole sample. Thus, all 
analyses could be conducted with raw scores.  
Do children at different grades use semantic, phonetic and positional strategies differently 
under different conditions?       
To answer the first research question, a 3(conditions: no cue provided, phonetic cue 
provided, semantic cue provided) × 3(strategies: semantic, phonetic, positional) × 3(grades: 
grade 1, grade 3, grade 4) mixed factorial analysis of variance (ANOVA) was conducted, with 
conditions and strategy as within-subject variables, grade as a between-subject variable and 
the score of children’s performance as dependent variables. There was significant main effect 
of the strategy, F(2, 182) = 404.75, p < .001, η2 = .82, with positional strategy being used 
more frequently than phonetic strategy (p < .001), and phonetic strategy being used more 
frequently than semantic strategy (p < .001). The grade effect was also significant, F(2, 91) = 
25.01, p < .001, η2 = .36, with third-graders and fourth-graders both performed better than 
first-graders (ps < .001), but no difference between third-graders and fourth-graders (p = .17). 
There was significant two-way interaction: strategy × condition, F(4, 88) = 192.31, p < .001, 
η2 = .90, and between strategy × grade, F(4, 182) = 11.91, p < .001, η2 = .21. The three-way 
interaction condition × strategy × grade was significant, F(8, 178) = 5.34, p < .001, η2 = .20. 
Table 2 shows children’s performance on the picture-mapping task. 
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Table 2. The Mean Score and Standard Deviation of semantic, phonetic and position strategy under three different conditions by three grades. 
 
 
 No cue provided 
 
Phonetic cue provided 
 
Semantic cue provided  
 
 1
st
 Grade  3
rd
 Grade  4
th
 Grade  1
st
 Grade  3
rd
 Grade  4
th
 Grade  1
st
 Grade  3
rd
 Grade  4
th
 Grade   
Strategy  M SD  M SD  M SD  M SD  M SD  M SD  M SD  M SD  M SD   
Semantic  12.16 3.68  13.09 4.36  12.93 6.23  
 
13.50 3.38  10.69 4.62  9.07 5.07  
 
22.78 4.65  28.91 2.32  29.43 2.90   
Phonetic  23.84 3.68  22.91 4.36  23.07 6.23  22.50 3.38  25.31 4.62  26.93 5.07  13.22 4.65  7.09 2.32  6.57 2.90   
Positional 25.81 4.00  29.88 3.76  31.27 3.84  25.50 5.08  29.50 3.10  31.10 4.35  25.72 4.46  30.03 4.95  31.93 3.42   
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Do children use different strategies in different conditions?  
To test the condition effect, a simple main effect analysis was conducted using a 
3(strategies: semantic, phonetic, positional) × 3(conditions: no cue provided, phonetic cue 
provided, semantic cue provided) ANOVA, with both variables as within-subject variables.  
There was significant interaction between strategy and condition, F(4, 364) = 334.22, p < .001, 
η2 = .79, indicating that children’s use of strategy differed across different conditions. To 
examine whether children’s use of these three strategies was different under no cue provided 
condition, one-way (strategies: semantic, phonetic, positional) repeated ANOVA was 
conducted under no cue provided condition and revealed a significant difference in their use 
of these three strategies, F(2, 186)=213.69, p < .001, η2 = .70, with positional strategy being 
used more frequently than phonetic strategy (p < .001) and semantic strategy (p < .001), and 
phonetic strategy being used more often than semantic strategy (p < .001).  
The same analysis was also conducted under phonetic cue and semantic cued provided 
conditions. Under phonetic cue provided condition, a significant difference in strategies used 
was found, F(2, 186) = 265.57, p < .001, η2 = .74, with positional strategy being used more 
dominantly than phonetic strategy (p < .001) and semantic strategy (p < .001), and phonetic 
strategy being used more dominantly than semantic strategy (p < .001). Under semantic cue 
provided condition, the difference in strategies used was also significant, F(2, 186) = 392.22, 
p < .001, η2 = .81, with positional strategy being used more often than phonetic strategy (p 
< .001) and semantic strategy (p < .001), but semantic strategy being used more often than 
phonetic strategy (p < .001). Figure 2 shows the change of strategy in different conditions. 
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Figure 2. Change of strategy under different conditions. 
 
Does children’s use of strategy differ across grades? 
To examine whether there were any developmental differences, a simple main effect 
analysis was conducted using a 3(strategies: semantic, phonetic, position) × 3(grades: grade 1, 
grade 3, grade 4) ANOVA, with strategy as a within-subject variable and grade as a 
between-subject variable. A significant interaction between strategy and grade, F(4, 182) = 
11.37, p < .001, η2 = .20 was found, suggesting that children’s use of strategy differed across 
grades. To order to compare children’s use of positional strategy at three grades, one-way 
(grades: grade1, grade3, grade4) between-subject ANOVA was conducted in using positional 
strategy and revealed that children at three grades used positional strategy differently, F(2, 91) 
= 25.01, p < .001, with third-graders and fourth-graders both performed better than 
first-graders (ps < .001), but no difference was found between third-graders and 
fourth-graders (p = .17). The same analysis was conducted in using phonetic strategy and 
semantic strategy. There was a trend that third-graders and fourth-graders tended to do better 
than first-graders in the use of phonetic strategy (p = .07) and semantic strategy (p = .07), but 
no difference was found between third-graders and fourth-graders (p = 1).  
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Does children’s knowledge of radicals predict their reading ability?  
To examine whether children’s strategies used was associated with their word reading 
ability, correlation analyses were conducted. There were significant correlations of phonetic 
radical cue with Chinese character recognition, r = .37, p (two-tailed) < .01, but the 
correlation of semantic radical cue was not significant with Chinese character recognition, r 
= .09, p (two-tailed) > .01. A hierarchical multiple regression was then performed to examine 
whether phonetic radical cue was uniquely associated with Chinese word reading, separately 
for grade. Raven Coloured Progressive Matrices and vocabulary definition were first entered 
as control variables in the first block, the semantic radical cue entered in the second block, 
and the phonetic radical cue entered the final step. As shown in Table 3, in Grade 1, both 
Raven Coloured Progressive Matrices and vocabulary definition test accounted for 15% of 
variance of Chinese character recognition, and semantic radical cue explained 22% of 
variance, and phonetic radical cue accounted for an additional 31% of variance of Chinese 
character recognition, even after controlling raven, vocabulary, semantic radical cue. In Grade 
3, all the variables (i.e. Raven Coloured Progressive Matrices, vocabulary definition test, 
semantic radical cue and phonetic radical cue) together accounted for only 35% of the 
variance in Chinese Character Recognition. Semantic and phonetic radical cue did not add to 
the prediction. In Grade 4, both Raven Coloured Progressive Matrices and vocabulary 
definition test explained for 15% of variance of Chinese character recognition. Semantic 
radical cue did not add to the prediction while phonetic radical cue accounted for an 
additional 10% of variance of Chinese character recognition. 
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Table 3. Hierarchical Regression predicting Chinese character recognition from Raven Coloured Progressive Matrices, Vocabulary definition 
test, semantic radical cue and phonetic radical cue 
   1
st
 Grade 3
rd
 Grade 4
th
 Grade 
Variable  R
2
  ∆ R
2
   β  R
2
  ∆ R
2
  β  R
2
  ∆ R
2
    β 
Step1                     
  Raven Coloured Progressive Matrices  .15  .15  -.30  .33  .33 **  -2.6  0.35  0.35 **  .14 
  Vocabulary definition test      .41 **      .60 **      .52 ** 
Step2                     
  Semantic radical cue  .36  .22 **  -.04  .35  .02  .01  0.35  .01  .48 
Step3                     
  Phonetic radical cue  .68  .31 *** .72 ***  .37  .02  .20  0.44  .10 *  .62 * 
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Discussion 
The objectives of the present study were to investigate 1) how Chinese children 
strategically used the radical information in processing Chinese characters when all radical 
information were equally available, 2) whether children showed variability in strategies used 
when their orthography knowledge was measured implicitly and explicitly, and 3) whether the 
use of strategies varied across grades. The results showed that positional strategy was the 
most commonly used strategy among children no matter the condition was no cue provided, 
phonetic cue provided, or semantic cued provided. Children tended to use phonetic strategy 
more frequently than semantic strategy when the phonetic cue was provided, whereas 
semantic strategy was used more often than phonetic strategy when the semantic cue was 
given. The same pattern of strategies used was observed in children at all grades. Moreover, 
the present findings have shown that, when compared to first-graders, both the third-graders 
and the fourth-graders used the position, phonetic and semantic strategies more accurately in 
all the three aforementioned conditions given. The third-graders and fourth-graders performed 
well in general. These findings would be discussed in turn.  
Novel character coding: Positional cue is the key  
The most striking finding in the present study indicates that positional strategy was 
weighted more than the phonetic and semantic strategies no matter what the condition was no 
cue provided or cues provided. There are three plausible explanations. The first explanation 
lies in the development of radical knowledge in children. According to the model of 
orthographic knowledge development (Ho, Yau, & Au, 2003), there are different acquisition 
orders of structural and functional knowledge of radicals. At the early stage, Chinese children 
tend to use visual strategies to process the character and hence, the structural knowledge about 
the position of radicals was first developed. When they find these visual strategies inefficient 
to learn a new character with the advancement in grades, they start to use some rule-based 
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strategies, such as the phonetic strategy and semantic strategy to help with their character 
processing. In other words, they become aware of the function of the radicals, that is, the 
functional knowledge was developed later. The early development of the structural 
knowledge was also reported in others studies. For example, Chan and Nunes (1998) reported 
that Chinese first-graders in Hong Kong could use the positional rule to reject noncharacters 
and judge pseuduocharacters as orthographically acceptable, suggesting that even first-graders 
already have some rudimentary knowledge about character structures.  
At the same time, the continued and dominant use of positional strategy in advanced 
grades can be explained by the high stability and reliability of the structural cue. In Chinese, 
there are positional and functional regularities for radicals in characters (Ho, Yau, & Au, 
2003). Specifically, semantic radicals are usually on the left-hand side or at the top of the 
character, whereas phonetic radicals are usually on the right or bottom. Notwithstanding, there 
are also exceptional cases: some phonetic radicals do appear on the left; while some semantic 
radicals do appear on the right (e.g. “頭”, “鴨”). However, those exceptional cases are 
relatively rare. Given this, positional/structural cue has a relatively high stability and 
reliability. Besides, the functional regularity is interfered with different degrees of regularity 
and transparency of radicals. Shu et al. (2003) reported that, among the characters taught in 
Chinese elementary schools, the regular, semi-regular and irregular phonetic radicals in the 
semantic-phonetic compound characters are 39%, 26% and 15% respectively. Meanwhile, the 
transparent, semitransparent and opaque semantic radicals in the semantic-phonetic 
compound characters are 58%, 30% and 9% respectively. This showed that, for most 
characters, the radicals could provide partial information, indicating that the functional cue 
has relatively low stability and reliability. Compared with the functional cue, the 
positional/structural cue is relative explicit and fixed, thereby promoting early sensitivity and 
dominant use of positional strategy in character recognition.  
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The second explanation for weighting positional cue over semantic and phonetic cue is 
related to different properties of characters taught across grades. Ho, Yau, & Au (2003) 
revealed that a large proportion of characters introduced in Grade 1 were non-phonetic 
characters but the proportion of semantic-phonetic compound increased to more than 70% in 
Grade 2 and Grade 3. Such distribution of characters throughout the primary school years 
encourages the use of visual strategies which emphasised the use of rote memorization of the 
whole character in the early stage. 
Novel character coding: Phonetic over semantic cue  
Children appeared to use phonetic strategy more frequently than semantic strategy under 
no cue provided condition. One possible explanation is that phonology activation stays as a 
dominant role over semantic activation in processing Chinese characters. In the 
picture-mapping task, the children had to identify a printed pseudocharacter or non-character 
as a whole orthographic unit instead of creating a new character by combining a semantic 
radical and a phonetic radical. When children were asked to choose the representation that 
best depicted the picture, they had to retrieve the real character from their mental lexicon. In 
order to decode the character, they first pronounced the character internally so that the sound 
part became activated earlier than the meaning part. As a result, children made use of the 
information provided by the phonetic component to choose the representation. This online 
finding further gives evidence to the view that phonological activation, which arises through 
direct mapping from orthography to phonology, is activated earlier than semantic activation as 
suggested by Perfetti et al. (2005). The tendency of paying more attention to the sound than 
the meaning of a character by children was also reported by Shen and Bear (2000).  
Another plausible reason is the use of the orthographic similarity by the children. In a 
Chinese semantic-phonetic compound character, the phonetic radical usually occupies a larger 
space than the semantic radical, contributing to the effect of the orthographic similarity. When 
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children were asked to choose the representation that best depicted the picture, instead of 
using phonetic strategy, they might have just choose the one which was the most 
orthographically similar to the real targeted character (e.g. “ ” is the most orthographically 
similar to “狗”). This might have led to the overestimation of the use of phonetic strategy in 
children. The failure to separate the influence of the orthographic similarity from the use of 
phonetic strategy is one of the limitations of this study. Further investigations can be done to 
include more characters with phonetic radicals occupying a smaller space than semantic 
radicals so as to minimize the influence of orthographic similarity (e.g. “頭”, “鴨”).  
Novel character learning: Context matters  
From the results, when compared with no cue provided condition, children at all grades 
showed increased use of phonetic strategy or semantic strategy when corresponding cues were 
provided, revealing that they were able to identify and use the phonetic and semantic radicals 
to derive the pronunciation and meaning of the character respectively. These findings give us 
two implications. Firstly, even though both positional and functional radical knowledge are 
acquired in children, children tend to apply the positional knowledge dominantly. Secondly, it 
underscores the different processing of character recognition across various conditions. 
Previous studies have underlined the two main processing, naming holistic processing and 
analytical processing (Cheng, 1981; Feldman & Siok, 1999; Hoosain, 1991; Taft & Zhu, 1997; 
Taft et al., 1999; Yeh & Li, 2004; Zhou & Marslen-Wilson, 1999). The holistic view refers to 
the global character processing, in which characters are processed as a whole unit (Cheng, 
1981; Hoosain, 1991; Yu, Feng, Cao, & Li, 1990). The analytical approach, in contrast, refers 
to the complex character processing involving multilevel processing that includes the 
activation of features, radicals, and characters (Feldman & Siok, 1999; Taft & Zhu, 1997; Taft 
et al., 1999). In the present study, which is on the nature of radical-level, the holistic 
processing refers to the grand judgments on the character without paying attention to the 
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specific orthographic information. Analytical processing refers to fine-grained analysis of 
radicals focusing on both structural and functional features of radicals. The present findings 
extend the understanding of the holistic versus analytical view of Chinese character 
recognition, that is, the dichotomy of holistic process or analytical process depends on 
whether children’s character knowledge is measured implicitly (no cue provided condition) or 
explicitly (phonetic cue and semantic cue provided condition). In the current study, children 
predominantly used the structural strategy in no cue provided condition, implying that they 
did the grand judgments on the character and processed the character holistically under 
implicit conditions. On the contrary, the increased use of phonetic or semantic strategies by 
children in cues provided conditions suggested that they did fine judgments and processed 
precise orthographic information by identifying the position and function of the radicals under 
explicit conditions. Specifically, the phonetic and semantic cues given by the researcher 
raised the children’s awareness of the phonetic and semantic information provided by the 
radicals. As a result, children tend to rely on the functional characteristic of radicals. These 
findings suggest that there is a tendency of using holistic processing more under implicit 
conditions and analytical processing more under explicit conditions. 
An alternative explanation on the tendency of using holistic processing more under the 
implicit condition lies in the learning methods used in schools. Traditional Chinese instruction 
relies heavily on rote memorization. Children usually learn to read by memorizing characters 
as a whole; learn to say by imitating the teacher’s pronunciation; and learn to write by 
performing a repetitive copying task. Although teachers sometimes draw children’s attention 
to the common semantic radicals when asking them to look up characters in the dictionary, 
they do not give explicit or systematic instructions about the orthographic knowledge, such as 
how the characters can be decomposed into semantic and phonetic radicals, and also the 
function of the radicals (Li, Wu, & Anderson, 1999). In the present study, the tendency of 
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using analytic processing more under explicit conditions may suggest that explicit and 
systematic instructions are able to motivate children to process orthographic information. The 
educational implications would be further discussed below.  
The growth of radical knowledge  
Developmental studies have shown that Chinese children tend to process orthographic 
knowledge and this knowledge becomes increasingly more refined and comprehensive as it is  
taught from kindergarten to primary school (Ho, Ng, et al., 2003; Shu & Anderson, 1997). 
Similarly, the present findings showed that both third-graders and fourth-graders used the 
positional strategy more accurately than first-graders, while no difference was found between 
third-graders and fourth-graders (see Figure 3a). This could be explained by the different 
learning experience of the children. As indicated in the study of Shu et al. (2003), 27% of the 
semantic–phonetic compound characters have a radical with a fixed position in every 
character in which it appears; while 43% of the characters have a radical that can appear in 
more than one position. As children encounters more characters in advanced grade levels, 
they implicitly learn the fact that some radicals always appear in one position while some may 
appear in more than one position. A better understanding of the positional regularity of the 
radicals enables the advanced graders to use the positional strategy more accurately. 
  
Figure 3a. Strategies used by different graders in no cue provided condition. Error bar 
represents standard error. 
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There was only a slight difference across grades in the use of phonetic and semantic 
strategy in no cue provided condition, but the evidence for the difference in phonetic and 
semantic cue provided conditions was stronger (see Figure 3b and 3c). The results showed 
that both third-graders and fourth-graders used phonetic strategy and semantic strategy more 
accurately than first-graders when the phonetic and semantic cues were provided respectively. 
The present finding confirms and extends the understanding on the development of functional 
radical knowledge as reported in the previous studies (Ho, Ng, & Ng, 2003; Shu et al., 2003). 
Shu et al. (2003) has explained that, as characters introduced in grade 3 onwards are more 
regular or transparent, this offered children more chances to become aware of the function of 
the radicals. In addition to the fact that advanced graders demonstrate more mature and 
comprehensive functional radical knowledge, the present findings reveals that the 
developmental difference become more obvious in explicit conditions rather than in implicit 
conditions. One plausible explanation is that children tend to perform more analytical 
processing under explicit conditions (which has been discussed above). Therefore, the 
measurement of orthographic knowledge under explicit conditions is a more sensitive means 
of detecting the differences across grades than that in implicit conditions.  
  
Figure 3b. Strategies used by different graders in phonetic cue provided condition. Error bar 
represents standard error. 
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Figure 3c. Strategies used by different graders in semantic cue provided condition. Error bar 
represents standard error. 
Chinese word reading: Phonetic radical helps  
It was found that the phonetic radical cue correlated with Chinese character recognition 
in Grade 1 and Grade 4 but not in Grade 3. The plausible explanation lies in the different 
levels of awareness of the phonetic principle across students of different grades. In Grade 1, 
children’s understanding of the phonetic cue might be something like, ‘The part on the right 
tells the pronunciation’ (Shu, Anderson, & Wu, 2000, p.61). They focus on the phonetic 
component in a character and use it directly to read the character. Thus, the use of phonetic 
radical cues may help them in naming Chinese characters. However, in Grade 3, children 
know more about the phonetic principle as they have encountered more semi-regular and 
irregular characters. They may find that the orthographic-phonology correspondence rule is 
not a reliable way to pronounce the characters. In Grade 4, children’s radical knowledge 
becomes more mature and they have learnt how to make use of the partial information to learn 
and remember the pronunciations of Chinese characters. Thus, they take the phonetic radical 
cue into consideration when naming a character. 
The semantic radical cue failed to correlate significantly with the Chinese character 
recognition. This may be due to the fact that semantic radicals only provide the meaning of a 
character but not the pronunciation of it. Another possibility is that when children were asked 
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to name the characters, they focused on the phonetic component as they knew that the 
phonetic radical could provide some useful information about pronunciation. This finding is 
consistent with the previous study by Shu et al. (2003), who found that when children 
encounters an unfamiliar compound with an independent phonetic radical, the phonetic 
radical is likely to be familiar and provide some useful information about pronunciation.  
Educational implications 
The traditional way to learn a new Chinese character is to write it repeatedly. For 
example, students are asked by their teachers to write all the characters they learned during 
lessons or on textbooks a numbers of times; and they are asked to have character-dictation 
once a week. This holistic approach, which emphasized drilling and rote memorization, is 
useful in teaching integrated Chinese characters and irregular or inconsistent characters. 
However, introducing children the orthographic structures of Chinese characters at an early 
age enables children to learn new characters more efficiently. Based on the present findings, 
children at young age can readily identify the semantic and phonetic radicals in a character. 
Even the first-graders have a certain idea that semantic radicals serve semantic functions. The 
shift from holistic processing to analytic processing in the cues provided condition indicates 
that it is vitally important to teach children to become explicitly aware of the orthographic 
knowledge. For example, instructions should be focused on the development of structural and 
functional analytical skills at the radical-level. These findings are consistent to the previous 
studies regarding Chinese children learning to read (Anderson et al., 2003; Ho, Ng, & Ng, 
2003; Packard et al., 2006; Shu & Anderson, 1997), showing that children who receive 
specialized instructions in general perform better on various measures of reading than those 
who do not receive such instructions. Specifically, Packard et al. (2006) further explained that 
instructions on the Chinese orthography provided children with different sources of 
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information. Thus, children can rely on various information sources for character retrieval but 
not solely on rote memory, thereby enhancing children’s literature learning.   
Apart from the above, although previous studies have suggested a sequential order of 
teaching orthographic knowledge, with structural knowledge taught first and functional 
knowledge taught later, it may be somehow confusing and inefficient to teach these two 
knowledge separately as the position of a radical is often confounded with its function (Chan 
& Nunes, 1998; Feldman & Siok, 1999). Therefore, it is suggested that both structural 
knowledge and functional knowledge should be taught to children simultaneously. For 
instance, to teach a semantic-phonetic compound character “’燈’, the teacher can first 
introduce the position of the radical, that is, the semantic radical ‘火’ is on the left while the 
phonetic radial ‘登’ is on the right. At the meantime, children should be explained of the 
function of the radicals, that is, the semantic radical provides the semantic category of the 
character (fire) and the phonetic radical provides the sound information of the character 
(/tang1/). 
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Appendix A. Items in the Picture-mapping task and the radical properties of the characters 
 
Items Semantic cue provided in the 
picture-mapping task 
Phonetic  
radical 
Semantic 
radical 
1. 旗 /kei4/  旗係用黎指示方向  其 /kei4/ 方 
2. 飯 /faan6/ 飯係用黎食  反 /faan2/ 食 
3. 河 /ho4/ 河係有水  可 /ho2/ 水 
4. 眼 /ngaan5/ 眼係用黎睇  艮 /gan3/,/ngan4/ 目 
5. 盆 /pun4/ 盆係器皿  分 /fan1/ 皿 
6. 錶 /biu1/ 以前巳嘅錶係用金造  表 /biu2/ 金 
7. 窗 /coeng1/ 窗用黎擋雨  囱 /cung1/ 穴 
8. 棋 /kei4/ 棋係用木造  其 /kei4/ 木 
9. 帽 /mou6/ 帽係用布造  冒 /mou6/ 巾 
10. 虎/ fu2/ 虎係動物  儿 /ngai4/,/jan4/,/ji4/ 虍 
11. 路 /lou6/ 路係用腳行  各 /gok3/ 足 
12. 鴨 /aap3/ 鴨係家禽,但同鳥好似  甲 /gaap3/ 鳥 
13. 雲 /wan4/ 雲係由雨水整成  云 /wan4/ 雨 
14. 燈 /dang1/ 以前嘅燈係用火黎點著  登 /dang1/ 火 
15. 船 /syun4/ 船等於舟   Unpronounceable 舟 
16. 牀 /cong4/ 牀係比人訓覺  木 /muk6/ 爿 
17. 碗 /wun2/ 以前嘅碗係用石頭造  宛 /wun2/,/jyun1/,/jyun2/ 石 
18. 臉 /lim5/ 臉係身體嘅一部份  僉 /cim1/ 月 
19. 紙 /zi2/ 紙係文具一種  氏 /si6/, /zi1/ 糸 
20. 蝦 /haa4/ 蝦係好似條蟲甘  叚 Unpronounceable 虫 
21. 墻 /coeng4/ 墻係由泥整成  嗇 /sik1/ 土 
22. 嘴 /zeoi2/ 嘴等於口  觜 /zeoi2/,/zi1/ 口 
23. 頭 /tau4/ 頭係頸上面  豆 /dau6/ 頁 
24. 家 /gaa1/ 家係有屋頂  豕 /ci2/ 宀 
25. 褲 /fu3/ 褲係衣服  庫 /fu3/ 衣 
26. 箭 /zin3/ 箭係用竹造  前 /cin4/ 竹 
27. 糖 /tong4/ 有啲糖係用米造  唐 /tong4/ 米 
28. 豹 /paau3/ 豹係野生動物黎  勺 /zoek3/ 豸 
29. 琴 /kam4/ 琴係玉器  今 /gam1/ 玉 
30. 鞋 /haai4/ 以前嘅鞋係用皮革造  圭 /gwai1/ 革 
31. 毯 /taan2/ 毯係用毛造  炎 /jim4/ 毛 
32. 球 /kau4/ 以前嘅球係由玉器呢整成  求 /kau4/ 玉 
33. 麵 /min6/ 麵包係用小麥造  面 /min6/ 麥 
34. 歌 /go1/ 唱歌果陣同打呵欠有啲相似  哥 /go1/ 欠 
35. 缸 /gong1/ 缸係容器  工 /gung1/ 缶 
36. 鯨 /king4/ 鯨同魚好似  京 /ging1/ 魚 
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Appendix B. Induction of Picture Mapping Test 
 
介紹 
 
第一部份: 
 
有一個外國既小朋友丁丁黎咗香港。佢之前無學過中文字，又唔知中文字係有咩組成規
則。當佢嚟到香港之後，佢見到好多得意既野，但係佢唔知點樣用中文字嚟寫出佢所見
到既野。於是，佢就自己創造左一啲符號嚟代表佢見到既野。我而家俾你睇一啲丁丁見
過既野，同埋佢創造既符號。請你諗一諗，喺四個符號裹面揀一個最適合代表張圖既。 
 
 
第二部份: 
 
後來丁丁學識咗讀中文字，佢發現字既讀音同寫法係有關係架。 
 
例如，呢張圖片係隻“狗”，而“狗”呢個音係同個“句”呢個音有關。所以最可以表達到“狗” 
既符號應該係___。 
 
今次你試下聽咗姐姐讀個音先，然從再喺四個符號裡面揀一個啦。“花＂ 
 
(小朋友回答) 
 
如小朋友選對：係啦! 呢張圖片係隻“花，而“花”呢個音係同“化”呢個音有關。所以最可
以表達到“花”既符號應該係___。 
如小朋友選錯：唔係喎! 呢張圖片係隻“花”，而“花”呢個音係同“化”呢個音有關。所以
最可以表達到“花”既符號應該係___。你明唔明呀？ 
 
 
第三部份: 
之後丁丁又再發現中文字既意思同寫法都有關係。 
 
例如，呢張圖片係一隻動物“狗”，通常一般喺中文字裡面，我地都係用“ ”嚟表示動物。
所以最可以表達所見到既動物既符號應該係___。 
今次你聽完姐姐形容吓張圖，再喺四個符號裹面揀一個啦。 花係植物，甘你會揀邊個
呀？ 
 
(小朋友回答) 
 
如小朋友選對：係啦！通常我地都用“ ” 嚟表示植物。所以最可以表達到“花”既符號
應該係___。 
如小朋友選錯：唔係喎! 通常我地會用“ ” 嚟表示植物。所以最可以表達到“花”既符
號應該係___。你明唔明呀？ 
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Appendix C. School consent form 
THE UNIVERSITY OF HONG KONG 
Faculty of Education 
Division of Speech and Hearing Sciences 
 
Chinese Children's Sublexical Processing in Reading: A Developmental Study 
School Consent Form 
 
9
th
 December, 2011 
 
Dear ________________, 
 
I am a Year 4 Speech and Hearing Sciences student at the University of Hong Kong. I 
am writing to seek your help in a research project. I am looking for children in Primary One, 
Three and Four. The project aims to investigate how Chinese children read the Chinese words. 
I believe the results of this study may help teachers to teach reading in the school.  This will 
involve a picture-word matching task which requires each child fifteen minutes to answer in a 
silent classroom at his/her own school, without any known risk. 
 
I will make sure that the information students provide to me will be treated with the 
utmost confidentiality and anonymity. Students and patients’ participation is voluntary. They 
can also choose to withdraw from the study at any time without negative consequences. The 
information collected will only be used for the research and will be stored in the office of Dr. 
Shelley Xiuli Tong for 5 years after publishing the research. 
 
I need, in all, thirty children from each grade (Grade1, Grade3 and Grade4). I would 
appreciate as much help as possible from you. I will be grateful if you would tell me the 
number of possible children that I could work with in your school. 
 
If you agree to these procedures, please sign one copy of this letter and return it to me. I 
will be able to come at almost any time your school is open from December to February. 
Parent’s permission will be need for children to take part. I attach a sample of consent from 
for the parents. If, as, I hope, you are able to help me then I will provide more copies later. 
 
If concerns arise about this aspect of my work, please feel free to contact me (tel. 
6072-5947), or Dr. Shelley Xiuli Tong (tel. 2241-5982). If you have questions about your 
rights as a research participant, please contact the Human Research Ethics Committee for 
Non-Clinical Faculties, HKU (tel.2241-5267). 
 
 
Yours sincerely, 
 
Chan Yim In 
Speech and Hearing Sciences programme 
Faculty of Education 
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Appendix D. Parent Consent From 
 
香港大學 
言語及聽覺科學部 
 
「兒童解字能力」研究 
父母/監護人同意書 
 
敬啓者： 
 
 本人敬希 閣下能支持一項名為「兒童解字能力」的研究，所對象為小一，小三及
小四年級的學生。此項研究的主要目的是調查香港兒童如何理解和學習漢字。 
 
 參與此研究的同學只需在該學校完成圖像文字配對測試 (需時約六十分鐘)。整個測
試並不會對同學構成任何風險。希望閣下能對此研究給予支持，讓貴子弟參與其中。 
 
本人確保是次所收集的資料只作研究用途，學生資料將絕對保密。學生的參與純屬
自願性質，他們可隨時終止參與是項行動，有關決定將不會引致任何不良後果。所收集
的資料會在該研究發佈後的五年內，存放於唐博士的辨公室中，並且在五年後消毀。 
 
如閣下明白及同意以上的程序，請填妥以下回條，以表示你是否同意  貴子弟參與
是項研究。如閣下對是項研究有任何查詢，請與研究員 陳艷妍(60725947) 或 Dr. Shelley 
Xiuli Tong (2241-5982) 聯絡。如閣下想知道更多有關研究參與者的權益，請聯絡香港大
學非臨床研究操守委員會(2241-5267)。 
 
 此致 
  貴家長 
 
香港大學言語及聽覺科學部 
  四年級學生 
 
陳艷妍 謹啟 
二零一二年一月九日                                            
------------------------------------------------------------------------------------------------------------- 
家 長 回 條 
 
學生姓名：___________________      班別：_______        學號：_______ 
 
本人   ** 同意 / 不同意   子弟參與是項研究。 
      (**請刪去不適用者) 
 
家長姓名：        
家長簽署：        
日期：         
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Appendix E. Children Consent From 
 
香港大學 
言語及聽覺科學部 
 
「兒童解字能力」研究 
學生須知及同意書 
 
 
各位同學： 
 
我是香港大學言語及聽覺科學系的四年級學生，正進行一項名為「兒童解字能
力 」的研究，希望與你講解一下。 
 
我們早前已得到你父母／監護人的同意讓你參與這個活動，但你的決定對我們也
很重要，如果你決定參與這個計劃，我們會為你作一個測試，你只需在學校一間已安排
的課室中，完成圖像文字配對測試 (需時約六十分鐘)。整個測試並不會對你構成任何風
險。 
 
 
 是次所收集的資料只作研究用途，學生資料將絕對保密。學生的參與純屬自願性
質，你可隨時終止參與是項行動，有關決定將不會引致任何不良後果。所收集的資料會
在該研究發佈後的五年內，存放於 Dr. Shelley Xiuli Tong（唐博士）的辨公室中，並且
在五年後消毀。 
 
如你有任何問題， 請於現在提出。 多謝你的支持。 
 
 
如你同意參加這計劃， 請在以下空格內畫 ＜＞ 號， 並在橫線上簽署。 
 
   我同意參加是次活動計劃。    簽署:_________________ 
 
 
或者 
 
 
如你不同意參加這計劃， 請在以下空格內畫 ＜＞ 號， 並在橫線上簽署。 
 
   我不同意參加是次活動計劃。    簽署:_________________ 
 
 
 
 
 
學生姓名：_________________班級：_______________日期：________________ 
 
